The analytical capability to detect hydrogen peroxide vapour can play a key role in localizing a site where a H 2 O 2 based Improvised Explosive (IE) is manufactured. In security activities, it is very important to obtain information in a short time. For this reason, an analytical method to be used in security activity needs portable devices. The authors have developed the first analytical method based on a portable luminometer, specifically designed and validated to locate IE manufacturing sites using quantitative on-site vapour analysis for H 2 O 2 . The method was tested both indoor and outdoor. The results demonstrate that the detection of H 2 O 2 vapours could allow police forces to locate the site, while terrorists are preparing an attack.
Introduction
The study of precursors used to produce explosives, is a forensic field of increasing importance. These precursors allowed home-made preparations of improvised explosives (IE) used in several recent bombings [1] [2] [3] [4] , possibly including the recent terrorist attacks in Paris [5] . The European Parliament and the Council adopted the Regulation (EU) No. 98/2013 on the marketing and use of explosives precursors on 15 January 2014 [6] . According to this regulation, seven precursors shall not be available to the general public anymore in concentrations greater than their limit values listed in Table 1 .Despite the importance of the subject, few articles can be found in the scientific literature when searching with the keywords "explosive" and "precursor".
ANNEX I Regulated Substance
Limit Value (w/w) 1 Hydrogen Peroxide  12%  2  Nitromethane  30%  3 Nitric acid 3% 4
Potassium Chlorate 40% 5
Potassium Perchlorate 40% 6
Sodium Chlorate 40% 7
Sodium Perchlorate 40% Table 1 . Substances available to the public at concentrations equal or lower than the limit value according to Regulation (EU) No. 98/2013 of the European Parliament and of the Council on the marketing and use of explosives precursors (Annex 1) [6] .
Chung et al. developed a methodology to prioritise potential precursor chemicals in order to assess the urgency of controls based on commodity chemicals being controlled under Korean regulations [7] . Considering analytical papers, standoff deep Raman allowed remote detection of concealed explosive precursors such as nitromethane and ammonium nitrate [8] . Ali et al. detected ammonium nitrate, hexamethylenetetraamine and pentaerythritol on clothing by Raman microscopy, after spotting particles with optical microscopy [9] . Nazarian and Presser used a laser-driven thermal reactor to obtain the thermal/chemical signatures of nitromethane and ammonium nitrate [10] . Finally Lazarowski and Dorman studied the capability of trained detection dogs to correctly signal the presence of one or more explosive mixtures containing potassium chlorate [11] . In addition, some authors have evaluated an isotopic analysis application to study a possible association between precursors used as starting material and explosive products obtained [12] [13] [14] [15] .
The scientific literature search was later focused on hydrogen peroxide (H 2 O 2 ). This explosive precursor is of particular importance after its involvement in the foiled plot to blow up several aircrafts during their flights from London-Heathrow Airport. In this case, H 2 O 2 was used to prepare homemade liquid explosives [16] . This kind of explosive, capable of detonating [17] , was extensively studied in UK during the investigation and the criminal trial [18, 19] . Hydrogen peroxide (aq) has been detected through containers or packaging using Raman spectroscopy [20, 21] suspected. This approach for protecting citizens from bombings is expected to be more effective than simply patrolling a possible target, because the production time of IE is much longer than the time needed to transport an improvised explosive device (IED) close to the target from the manufacturing site [29] . Figure S1 of the supplementary material section.
Chemiluminescent Method Development

Bench-top analysis
Chemiluminescence methods were sensitive to H 2 O 2 and appeared convenient for the envisioned application. The method described here corresponds to the combination of two published chemiluminescent (CL) methods for H 2 O 2 [32] , [33] , and one for peroxide-based explosives [34] . A horseradish peroxidase (HRP) and luminol mixture was used to react with concentration in the sample. The calibration curve fitted a second order polynomial function forced to zero, consistent with literature data [32] . (Figure 3) . Sample times and distances of the impingers from the source were based on real-time results obtained by the portable luminometer. As positive results were received at close distances with the direct-reading instrument, the stationary samplings were moved further away from the source, and sampling times were increased with distance. Sampling times ranged from 15 -50 minutes. Figure 3 . Photo of sampling poles located at increasing distances from the source.
On-site analysis by portable luminometer
Results and discussion
Preliminary tests regarding the effect of the HRP type on the chemiluminescence signal were measured using H 2 O 2 standard solutions. Due to solubility problems for luminol at pH 7.4, tests were performed only at pH 8.4 with 0.1M Tris buffer. Whereas luminescence intensities were always slightly higher for HRP type VI compared to HRP type X, no statistically significant luminescence differences for the H 2 O 2 concentration above 1 µM were observed between the two HRP mixtures tested (Student t-test, p> 0.05). Figure S3 in the supplementary material section shows the calibration curves for H 2 O 2 standard solution with HRP/luminol mixture either with HRP Type VI (blue curve) or HRP Type X (red curve).
Therefore HRP type X was used for all other following chemiluminescence measurements.
The portable luminometer doesn't allow the injection of the reactive HRP/luminol mix directly inside the measurement cell. Mixing the sample with the HRP/luminol mix must therefore be done before any measurement. This delay means that some of the emitted light was lost. This loss should remain as low as possible in order to be sensitive enough to measure trace levels of H 2 O 2 . By changing the ratio of the enzyme to luminol, the light emission could be modulated as illustrated in Figure 4 . By decreasing the HRP concentration in the mixture, the initial light emission signal clearly decreased but was more constant over time, as illustrated in Figure 4A . The integration values of the emitted light during the first 150 seconds of reaction as a function of the HRP concentration in the reacting media is shown in Figure 4B .
The total light emitted was the greates for a mixture containing about 0.8 U/mL HRP Type X The comparison between the luminescence methods (the microplate bench-top reader and the portable luminometer) gave a very good correlation, obtained by plotting the H 2 O 2 concentrations in the impinger obtained with both methods ( Figure 5 ). The concordance between the two measurements by using the Bland_Altman plot was good, with a mean of the difference of -6 µg/m 3 (95% confidence limit between +26 and -39 µg/m 3 ). Figure S5 in the supplementary material section shows the Bland_Altman plot demonstrating concordance between H 2 O 2 levels using the bench-top instrument and portable luminometer. The concentration experiments demonstrated that when hydrogen peroxide is concentrated by heating, a significant amount of hydrogen peroxide in vapour phase is released from the pot into the surrounding air, both indoor and outdoor.. As expected, concentrations generated in the chamber were greater due to the confined (non-diluted) area compared to the field results. Air sampling is highly affected by environmental conditions, especially by the wind direction and speed, resulting in extensive dilution of the contaminant in the environment.
Despite outdoor dilution, the results obtained showed that it is possible to detect H 2 O 2 vapours using the proposed on-site analytical approach, allowing possible detection during the manufacturing of an H 2 O 2 based IE. The detection of such vapours could allow police forces to locate the site, where terrorists are preparing an attack, during the long time needed to prepare the charge. The collected data can also be used to estimate H 2 O 2 concentrations that could be found at some distance from the source, in the case of an artisanal bomb factory.
Conclusion
After the adoption of the European Parliament and the Council Regulation (EU) No. 98/2013 on the marketing and use of explosives precursors in January 2014, there is a new interest about on-site precursor detection for security purposes. We have focused the attention on hydrogen peroxide, which is a building block involved in several terrorist attacks in recent history. Our developed approach targets the time the terrorists need to concentrate H 2 O 2 when H 2 O 2 vapours can be measured in air. We have developed for the first time an analytical method specifically designed to provide quantitative on-site analysis for airborne H 2 O 2 . The method, based on a portable luminometer, was validated and tested both indoors and outdoors. In the latter case, H 2 O 2 vapours were emitted from a bomb factory kitchen on a military base.
The analytical procedure proposed is not only a considerable tool to protect the security of citizens by terrorist attacks and to support the activities of Police Forces; but.it is also very important to support the development of new sensors, aiming to locate Improvised Explosive (IE) manufacturing sites.an early alarm of the related threat.
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